Introduction
During their passage along the male genital tract and especially in the epididymis, mammalian spermatozoa undergo structural and biochemical changes that are considered to be prerequisites for achieving optimal fertilizing ability (Bedford & Calvin, 1974a) . Among them, the progressive formation of disulphide bonds in the nuclear protamines has been emphasized (Bedford, 1975) . These protamines seem to play a role in the final morphogenesis and stabilization of the sperm head (Fawcett et ai, 1971; Bedford & Calvin, 1974a, b; Loir & Lanneau, 1984) . The degree of condensation of the chromatin has been shown to be in direct relation to the fertilizing ability of spermatozoa (Evenson et al., 1980; Rodriguez et al., 1985) .
During spermiogenesis in the boar, protamines are incorporated into the nucleus of elongating spermatids in a sequential and specific manner . They are closely associated with the DNA, thus forming the highly condensed chromatin of the spermatozoa (Balhorn et al., 1984) . During post-testicular transit the sperm chromatin structure is modified, becoming pro¬ gressively more rigid, mainly through the formation of stabilizing forces in which cysteine thiol groups take part. Decrease of detectable SH-groups and development of a stability susceptible to the action of dithiotreitol (DTT) were taken as evidence that these forces were S-S bonds (Bedford & Calvin, 1974a) . However, bonds involving thiols and zinc have also been suggested, since zinc is capable of masking thiols and since DTT also releases zinc from spermatozoa (Kvist et al., 1987a) . Indications that zinc contributes to the stability of boar sperm chromatin was recently given when the decondensation of ejaculated spermatozoa was performed with sodium dodecyl sulphate containing zinc-chelating EDTA, i.e. in the absence of S-S cleaving agents (Kvist et ai, 1987b ).
The present study was to follow the presence and temporal distribution of immunoreactive nuclear protamine in boar spermatozoa during their transit through the ductus epididymidis. A preliminary report of our results has been published elsewhere (Rodriguez et al., 1988 (Snedecor, 1956 ).
Results
The thin-sectioned spermatozoa of epididymal and ejaculate samples were stained after completed incubation (Figs la-f) . Control incubations were consistently negative (example in Fig. lg) . Under similar conditions of incubation, the use of anti-ram protamine resulted in stronger labelling than the anti-boar protamine.
The immunolabelling was conspicuously uniform in the nuclei of the sectioned spermatozoa, regardless of the site of collection. Most gold grains were bound to the sectioned chromatin (Figs la-f), although a weak labelling was present towards the nuclear envelope (Figs la-c) . Background (unspecific) labelling was restricted to patches of gold particles among the sectioned spermatozoa (Figs ld-g ). Sparse labelling was present in the cytoplasm when anti-boar protamine was used (data not shown), and this labelling could not be distinguished from the background when inhibition tests were run.
The degree of nuclear sperm labelling (expressed here as the number of colloidal gold particles per µ 2), however, varied with the site of collection or the pre-treatment of the spermatozoa (Table   1 ). The labelling increased from the rete testis (Fig. la) towards the corpus epididymidis, where it was most intense (Fig. lc, < 0001 ), decreasing thereafter (P < 0001; Table 1 ). The weakest binding of the assayed antibody was obtained in the ejaculated spermatozoa ( Fig. le; Table 1 ). After samples of these ejaculated spermatozoa were submitted to in-vitro nuclear decondensation Fig. 1 . Thin sections of boar spermatozoa collected from the rete testis (a), the caput (b), corpus (c,g) and cauda (d) epididymidis and the ejaculate (e,f). The sections were labelled with antiboar protamine antiserum indirectly coupled to a colloidal gold-streptavidin bridge (a-f) or with the same antiserum previously coupled to an excess antigen followed by the same incu¬ bation protocol (g). In (a-f) colloidal-gold grains are bound to the sectioned chromatin (N) although a few are present in the nuclear envelope. Ejaculated spermatozoa subjected to chromatin decondensation with SDS/EDTA before fixation and embedding are shown in (f) and (g) is a control section with few background grains, a, f, g: 12 000; b, c, d, e: 18 000. with SDS-EDTA before fixation, the labelling increased significantly (Fig. If, < 0001 ) with similar numbers of colloidal gold particles per µ 2 as those found in the corpus epididymidis (Table 1) .
Discussion
The present results indicate regional differences in the accessibility of antibodies against ram and boar protamine to sperm nuclear protamine during the transit of spermatozoa through the ductus epididymidis in the boar. The immunolabelling was uniform within the sectioned sperm nuclei, mostly over the chromatin, and only in a few cases located near the nuclear envelope. In a previous study, the anti-ram and the anti-boar protamine antisera used in the present work recognized protamine in elongating spermatids in boar testes (Courtens et ai, 1988) . The present immuno¬ localization of boar protamine by two different antisera, directed against two species-specific protamines, is not surprising, since protamines are highly conservative proteins which are known to cross-react with different antibodies (Rodman et al., 1984) . The ultimate role in nuclear shaping of the spermatozoon is presumably played by the stabilizing disulphide bond cross-linking of spermatidal proteins (Loir & Laneau, 1984) , while the protamines that generally enter the already shaped nuclei (Courtens & Loir, 1981; Courtens et ai, 1988) seem first to stabilize the chromatin and then become involved in its final packaging (Subirana, 1982) . It is generally assumed that sperm maturation, if defined as the acquisition of an optimal content of stabilizing bonds, is completed when spermatozoa reach the cauda epididymidis (Calvin & Bedford, 1971; Bedford & Calvin, 1974a, b; Beil & Graves, 1977; Rodriguez et ai, 1985) .
In the present study, clear differences in the accessibility of the antibodies used to the boar sperm nuclear protamines were shown, and these may reflect changes in the structure of the boar sperm chromatin during epididymal transit. These results cannot be simply interpreted as being due to quantitative differences in the concentrations of protamine in the nuclei, since there is no evidence that spermatozoa incorporate nuclear protamines during epididymal transit (Beil & Graves, 1977) . The pronounced drop in protamine labelling occurred at the corpus/cauda level. This seems to be the region where the chromatin undergoes important changes with respect to the relations between DNA and the nucleoproteins. There are data indicating that the sperm nuclear content of detectable sulphydryl groups decreases sharply from the caput epididymidis to the vas deferens (Pelliciari et al., 1983) . Furthermore, cytophotometric studies of Feulgen-DNA in ram spermatozoa have indicated a greater fragility of spermatozoa collected from the body of the epididymidis (Nicolle et ai, 1985) . These observations indicate that the chromatin is rearranged in this region of the epididymis, together with other sperm functions such as the acquisition of pro¬ gressive motility (Dacheux, 1980) , and fertilizing ability (Hunter et ai, 1976) . Sperm membrane permeability is maximal in the corpus epididymidis in the bull (Ortavant, 1953) , and it is there that changes in sperm metabolism (Orgebin-Crist et al., 1981) and the surface proteins (Voglmayr, 1987; Dacheux et ai, 1989) occur.
The differences in labelling seen between the ejaculated spermatozoa before and after in-vitro nuclear decondensation with SDS-EDTA suggest that the labelling seen in ejaculated boar sperm¬ atozoa is due to structural rearrangements occurring during epididymal transit by which protamine epitopes become masked. Since EDTA treatment allows decondensation of the highly stabilized sperm nucleus and demasks these epitopes, it is suggested that a divalent cation, possibly zinc, contributes to the stabilization of the DNA-protamine complex (Kvist et al., 1987b; Björndahl et al., 1989) . Further studies on zinc metabolism on boar epididymal and ejaculated spermatozoa are in progress.
It has been shown in mice that the antibodies against protamines and the sperm DNA compete for binding sites on the protamines (Rodman et ai, 1984) . This might also be the case in the boar, and the finding of a significant decrease in the immunolabelling detected from the corpus
